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Motivation for Electroweak SUSY

LHC SUSY Cross Sections

N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
ly

Antonella De Santo, LHCP 2017                  p.4 

!  If coloured sparticles (including 3rd 
gen.) have very large masses, 
direct EWK-ino production 
becomes dominant 

!  Leptonic decays of charginos, 
neutralinos, sleptons are a main 
feature of EWK SUSY searches 

!  Distinctiveness of multileptonic 
signatures counterbalance low 
cross sections x BR 

"  High-efficiency triggering and        
effective SM background 
suppression 

!  Available Run-2 data already 
sufficient to probe significant 
portions of the parameter space 

Electroweak SUSY Production 

Stringent limits set on strongly produced SUSY for simplified models.

If gauginos and higgsinos are light, their production will dominate.

This can lead to signatures with multiple leptons and Emiss
T .
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections


Search Strategy
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2 Physics Scenarios238

The SUSY production modes considered in this anaysis note can be divided into three categories that are239

considered in the context of simplified models [10]:240

• Pair-production of electroweak gauginos with slepton-mediated decays to 2- and 3-lepton final241

states. Two scenarios are considered: direct �̃+1 �̃
�
1 production decaying with intermediate ˜̀ leading242

to a signature of a pair of opposite-sign leptons and Emiss
T , �̃+1 �̃

�
1 ! ˜̀⌫`(⌫̃`) ˜̀0⌫`0(⌫̃0`0)! ``0+Emiss

T ,243

and direct �̃±1 �̃
0
2 production decaying with intermediate ˜̀ into three leptons and Emiss

T , �̃±1 �̃
0
2 !244

˜̀⌫(⌫̃`) ˜̀`(⌫̃⌫)! 3` + Emiss
T . These are shown in Figure 1a and 1b.245

• Direct-slepton production with leptonic decays to two opposite-sign same flavour leptons, i.e.246

˜̀+ ˜̀� ! `+`� + Emiss
T . This is depicted below in Figure 1c.247

• Chargino-neutralino and chargino pair production with decays via Standard Model W and Z bosons248

to 2- and 3-lepton final states. For �̃±1 �̃
0
2 decaying via gauge bosons two scenario’s are considered:249

in the first the W boson decays hadronically giving 2 leptons and 2 jets in the final state, as in250

Figure 1d, and in the second the W boson decays leptonically giving a 3` + Emiss
T final state as251

shown in Figure 1e.252

(a) (b) (c)

(d) (e)

Figure 1: Feynman diagrams for the physics scenarios studied in this note: (a) �̃+1 �̃
�
1 with ˜̀-mediated

decays, (b) �̃±1 �̃
0
2 with ˜̀-mediated decays, (c) direct-slepton pair production, (d) �̃±1 �̃

0
2 with decays to

2-lepton plus 2-jet final states through a hadronically decaying W-boson and a leptonically decaying
Z-boson and (e) �̃±1 �̃

0
2 with decays via leptonically-decaying W and Z bosons.
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3 different final states: 2L+0jets, 2L+2jets, 3L

Simplified models provide a framework for interpreting the results:
I Assumptions on sleptons

F mass halfway between χ̃0
1 and χ̃±1 /χ̃0

2.
F Assume 100% branching ratio to leptons.

I Assumptions on gauginos :
F LSP (χ̃0

1) is bino
F χ̃±1 /χ̃0

2 mass degenerate winos.

Only light flavors (e, µ) are considered here
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https://cds.cern.ch/record/2267406


2 leptons + 0 jets +Emiss
T
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different flavor (DF))

Background estimation:
I Diboson (SF and DF) constrained using a Control Region (CR)
I tt̄ also constrained using a CR
I Data-driven techniques to estimate W+jets where jet fakes a lepton and

photon conversions
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2 leptons + 0 jets +Emiss
T : Signal Regions

Invariant mass of the leptons
(m``)

I in SF regions, provides
rejection against Z+jets
background

Stranverse mass (mT2)

I Similar to mT

I kinematic edge at W mass
for backgrounds

I for signal, kinematic edge at
slepton mass

I provides rejection against tt̄
and WW

2`+0jets binned signal region definitions
mT2 [GeV] m`` [GeV] SF bin DF bin

100-150

111-150 SR2-SF-a

SR2-DF-a
150-200 SR2-SF-b
200-300 SR2-SF-c
> 300 SR2-SF-d

150-200

111-150 SR2-SF-e

SR2-DF-b
150-200 SR2-SF-f
200-300 SR2-SF-g
> 300 SR2-SF-h

200-300

111-150 SR2-SF-i

SR2-DF-c
150-200 SR2-SF-j
200-300 SR2-SF-k
> 300 SR2-SF-l

> 300 > 111 SR2-SF-m SR2-DF-d

2`+0jets inclusive signal region definitions
> 100 > 111 SR2-SF-loose -
> 130 > 300 SR2-SF-tight -

> 100 - - SR2-DF-100
> 150 - - SR2-DF-150
> 200 - - SR2-DF-200
> 300 - - SR2-DF-300

Binned in mT2 and m`` to increase sensitivity.

Inclusive SRs to calculate model independent limits.
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Modelling of discriminating variables in CRs
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Work in Progress

In CR-top, dominant background: top

In CR-VV-DF, VV dominant, top subdominant

Good agreement between data and background.
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2 leptons + 2 jets +Emiss
T

2 Physics Scenarios238

The SUSY production modes considered in this anaysis note can be divided into three categories that are239

considered in the context of simplified models [10]:240

• Pair-production of electroweak gauginos with slepton-mediated decays to 2- and 3-lepton final241

states. Two scenarios are considered: direct �̃+1 �̃
�
1 production decaying with intermediate ˜̀ leading242

to a signature of a pair of opposite-sign leptons and Emiss
T , �̃+1 �̃

�
1 ! ˜̀⌫`(⌫̃`) ˜̀0⌫`0(⌫̃0`0)! ``0+Emiss

T ,243

and direct �̃±1 �̃
0
2 production decaying with intermediate ˜̀ into three leptons and Emiss

T , �̃±1 �̃
0
2 !244

˜̀⌫(⌫̃`) ˜̀`(⌫̃⌫)! 3` + Emiss
T . These are shown in Figure 1a and 1b.245

• Direct-slepton production with leptonic decays to two opposite-sign same flavour leptons, i.e.246

˜̀+ ˜̀� ! `+`� + Emiss
T . This is depicted below in Figure 1c.247

• Chargino-neutralino and chargino pair production with decays via Standard Model W and Z bosons248

to 2- and 3-lepton final states. For �̃±1 �̃
0
2 decaying via gauge bosons two scenario’s are considered:249

in the first the W boson decays hadronically giving 2 leptons and 2 jets in the final state, as in250

Figure 1d, and in the second the W boson decays leptonically giving a 3` + Emiss
T final state as251

shown in Figure 1e.252

(a) (b) (c)

(d) (e)

Figure 1: Feynman diagrams for the physics scenarios studied in this note: (a) �̃+1 �̃
�
1 with ˜̀-mediated

decays, (b) �̃±1 �̃
0
2 with ˜̀-mediated decays, (c) direct-slepton pair production, (d) �̃±1 �̃

0
2 with decays to

2-lepton plus 2-jet final states through a hadronically decaying W-boson and a leptonically decaying
Z-boson and (e) �̃±1 �̃

0
2 with decays via leptonically-decaying W and Z bosons.

8

Z → ``, W→ jj

2 SFOS leptons, at least 2 jets, and Emiss
T

Background estimation:
I tt̄ where b-jet fails identification estimated using MC
I Z-jets where we have fake Emiss

T estimated using data-driven technique
I VV modelling checked in dedicated Validation Regions (VR)
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2 leptons + 2 jets +Emiss
T : Signal Regions

mjj and m`` cuts for on-shell
Z and W bosons.

mT2 to suppress tt̄

in SR-low, angular variables
to select topologies

I in 2J - W boson recoiling
against Z + Emiss

T
I in 3J - W + Z + Emiss

T
recoiling against ISR jets

2 leptons + 2 jets +Emiss
T : Signal Regions

mjj and m`` cuts for on-shell
Z and W bosons.

mT2 to suppress tt̄

in SR-low, angular variables
to select topologies

I in 2J - W boson recoiling
against Z + Emiss

T
I in 3J - W + Z + Emiss

T
recoiling against ISR jets

2`+jets signal region definitions
SR2-int SR2-high SR2-low-2J SR2-low-3J

nnon�b�tagged jets � 2 2 3-5

m`` [GeV] 81-101 81-101 86-96
mjj [GeV] 70-100 70-90 70-90
Emiss

T [GeV] >150 > 250 >100 >100
pZ

T [GeV] >80 > 60 > 40
pW

T [GeV] >100
mT2 [GeV] >100
DR(jj) <1.5 <2.2

DR(``) <1.8

Df(Emiss
T ,Z ) < 0.8

Df(Emiss
T ,W ) 0.5-3.0 > 1.5 < 2.2

Emiss
T /pZ

T 0.6� 1.6
Emiss

T /pW
T < 0.8

Df(Emiss
T ,ISR) > 2.4

Df(Emiss
T ,jet1) > 2.6

Emiss
T /ISR 0.4-0.8

|h(Z )| < 1.6

p
jet3
T [GeV] > 30

SR-int/high targeting large mass splittings between ec±
1 /ec0

2 and ec0
1.

SR-low targeting mass splitting around mZ .

E.Resseguie (UPenn) DPF 2017 July 30, 2017 8 / 18

SR-int/high targeting large mass splittings between χ̃±1 /χ̃0
2 and χ̃0

1.

SR-low targeting mass splitting around mZ .
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Modelling of discriminating variables

VR-low VR-int
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In VR-low, Z/γ+jets dominant, VV subdominant

In VR-int, VV dominant

Good agreement between data and background.
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3 leptons +Emiss
T
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3 leptons, 1 SFOS pair, and Emiss
T

Background estimation:
I WZ and top-like backgrounds constrained using a CR
I Z+jets/ Z+γ where jet or γ fakes a lepton estimated using data driven

technique
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3 leptons +Emiss
T : Signal Regions

3` binned signal region definitions

mSFOS Emiss
T p`3T nnon−b−tagged jets mmin

T p```T pjet1T Bins

[GeV] [GeV] [GeV] [GeV] [GeV] [GeV]

<81.2 > 130
20-30

> 110
SR3-slep-a

> 30 SR3-slep-b

>101.2 > 130
20-50

> 110
SR3-slep-c

50-80 SR3-slep-d
> 80 SR3-slep-e

81.2-101.2
60-120

0 > 110
SR3-WZ-0Ja

120-170 SR3-WZ-0Jb
> 170 SR3-WZ-0Jc

81.2-101.2
120-200

≥ 1
> 110 < 120 > 70 SR3-WZ-1Ja

> 200
110-160 SR3-WZ-1Jb

> 35 > 160 SR3-WZ-1Jc

Slepton SR
I 3rd lepton pT used to probe different mass splitting models
I Off the Z-peak requirement

WZ SR
I mmin

T used to reject WZ background
I Emiss

T to target different mass splittings
I ISR jet used to gain sensitivity to smaller mass splittings
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Assignment of leptons using mmin
T

Traditionally, assign leptons with m`` closest to mZ to Z boson.
In min. assignment, assign the lepton that yields minimum transverse
mass to W boson.
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Projection of mll on mT
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-1 L dt = 36.1 fb∫ = 13 TeV, s

In the projection on mT plot, at higher values of mT :
I less WZ background using mmin

T
I signal remains flat for both assignments for larger mass splitting.

Greater improvement in significance when using mmin
T assignment.
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Modelling of discriminating variables in VV-VR

Low Emiss
T High Emiss
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(c) Distribution of third leading lepton pT in VR3-o�Za
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Figure 13: Distributions for data and the estimated SM backgrounds in the inclusive validation regions of the 3`
channel. Emiss

T distributions are shown in VR3-WZ-inc (a) and VR3-Zb (b), and distributions of the third leading
lepton pT are shown in VR3-o�Za (c) and VR3-o�Zb (d). The normalization factor extracted from the corresponding
CR is used to rescale the W Z contribution. The “Reducible” category corresponds to the data-driven matrix method
estimate. The statistical uncertainties on the background prediction are included in the uncertainty band, as well as
the experimental and theoretical uncertainties.

13th July 2017 – 12:54 48

Work in Progress
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(b) Emiss
T distribution in VR3-Zb
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(c) Distribution of third leading lepton pT in VR3-o�Za
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(d) Distribution of third leading lepton pT in VR3-o�Za

Figure 13: Distributions for data and the estimated SM backgrounds in the inclusive validation regions of the 3`
channel. Emiss

T distributions are shown in VR3-WZ-inc (a) and VR3-Zb (b), and distributions of the third leading
lepton pT are shown in VR3-o�Za (c) and VR3-o�Zb (d). The normalization factor extracted from the corresponding
CR is used to rescale the W Z contribution. The “Reducible” category corresponds to the data-driven matrix method
estimate. The statistical uncertainties on the background prediction are included in the uncertainty band, as well as
the experimental and theoretical uncertainties.

13th July 2017 – 12:54 48

Work in Progress

At low Emiss
T , VV dominant, fakes subdominant

At high Emiss
T , VV dominant, ttV subdominant

Good agreement between data and background.
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Results
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Work in Progress
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Public results from
 ATLAS-CONF-2017-03

Public Results from ATLAS-CONF-2017-03

ATLAS Supersymmetry Public Results

Dominant systematics:
I diboson modelling
I jet energy scale and jet energy resolution (for 2L0J, 3L)
I uncertainties associated with Emiss

T modelling (for 2L0J, 3L)
I uncertainties associated with the data-driven Z+jets estimate (2L2J)

No significant excess observed.
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Run 2 ATLAS limits decays via sleptons
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Run 2 ATLAS limits decays via W/Z
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Limits set on different simplified model scenarios.

Limits expanded with respect to Run 1 results.
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Conclusion

EWK SUSY searches are complementary to strong SUSY searches
I LHC limits on strong production is at 900 GeV for simplified models.
I if gauginos are light, their production will dominate.

Run 2 results for EWK SUSY decaying to two or three leptons has
improved on Run 1 limits.

I ATLAS Supersymmetry Public Results
I ATLAS-CONF-2017-03

However, there is still phase space that is uncovered and will require
more statistics.

I Sensitivity to EWK SUSY will increase with increased luminosity.
I Probe even smaller mass splittings.
I The search for SUSY will continue on.
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Backup
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Object Definition

2L-0J 2L-2J 3L

Objetcs definition

S. Carrà EWK 2-3l FAR March 17, 2017 70 / 76

E.Resseguie (UPenn) DPF 2017 July 31, 2017 19 / 29



Trigger Definition
Lepton pT Trigger

Data15 Data16
Di-electron channel
pT (e1(2)) > 25 GeV HLT 2e12 lhloose L12EM10VH HLT 2e17 lhvloose nod0
Di-muon channel
pT (µ1(2)) > 25 GeV HLT mu18 mu8noL1 HLT mu22 mu8noL1
Electron-muon channel
pT (e) > 25 GeV and pT (µ) > 25 GeV HLT e17 lhloose mu14 HLT e17 lhloose nod0 mu14

Table 11: Summary of Trigger strategy. All analyses use all lowest unprescaled dileptonic triggers
available in 2015 and/or 2016. O✏ine pt thresholds on the leading and sub-leading leptons are also
highlighted in the first column and, in cases where there are three leptons in the event, the subsub-leading
pT o✏ine requirement is relaxed to 20 GeV.

• LAr/Tile error (data only): Events with noise bursts and data integrity errors in the LAr calorime-328

ter are removed;329

• Tile Trip (data only): Events with Tile trips must be removed;330

• Cosmic or bad muons (data and MC): Fake muons are reconstructed muons not corresponding331

to true objects coming from proton-proton collisions. They can sometimes be created from high332

hit multiplicities in the muon spectrometer in events where some particles from very energetic333

jets punch through the calorimeter into the muon system, or from badly measured inner detector334

tracks in jets wrongly matched to muon spectrometer segments. They can also be caused by the335

cavern background creating hits in the muon spectrometer. Cosmic muons are also a source of336

muons unrelated to the hard scatter. if at least one muon in the event do not satisfy zPV
0 < 0.1 mm,337

dPV
0 < 0.2 mm and q/p > 0.2 then the event is rejected.338

• Bad jets (data and MC): Non-collision background processes can lead to (fake or real) energy339

deposits in the calorimeters. These energy deposits are reconstructed as jets. Jet properties can340

be used to distinguish background jet candidates not originating from hard scattering events from341

jets produced in proton-proton collisions. Events with a LooseBad jet with pT > 20 GeV, as342

recommended by the Jet/Etmiss group [23], are rejected.343

• Primary Vertex (data and MC): Events must have a primary vertex (PV), selected as the one with344

the highest
P

p2
T of associated tracks, with at least two tracks.345

4.5 Object Selection346

This section is dedicated to defining the main objects used for these analyses, electrons, muons and jets.347

These objects satisfy a baseline criteria in line with the CP recommendations and default across all EWK348

analyses (unless otherwise stated), this is required before performing overlap removal between objects349

(described in Section 4.6). No hadronic taus are selected in the event. The object definitions for electrons,350

muons and jets can be found in Tables 12, 13 and 14, respectively.351

4.5.1 Electrons352

Electrons are reconstructed using the Egamma algorithm and are required to reside within |⌘| < 2.47. At353

baseline level, electrons must have pT > 10 GeV and satisfy the LooseAndBLayerLLH quality criteria.354

16
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Background Strategy
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Variables definitions

mT : bound mass of particle which decays to one visible and one
invisible component. Defined as:
mT (~pT ,~qT ) =

√
2(pTqT −~pT ·~qT )

mT2 : bound mass of pair produced particles which decay to visible
and invisible component. Defined as:
mT2 = min~qT [max(mT (~p

`1
T ,~qT ),mT (~pT `2,~pmiss

T −~qT ))]
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2 leptons + 0 jets + Emiss
T : CR and VR
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2 leptons + 0 jets + Emiss
T : Results
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Dominant systematics:
I jet energy scale and jet energy

resolution
I diboson modelling
I uncertainties associated with

Emiss
T modelling

There is good agreement between data and background.
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2 leptons + 2 jets +Emiss
T : CR and VR
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2 leptons + 2 jets +Emiss
T : Results
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Dominant systematics:
I diboson modelling
I uncertainties associated with the data-driven Z+jets estimate

There is good agreement between data and background.
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3 leptons +Emiss
T : CR and VR
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3 leptons +Emiss
T via sleptons: Results

Dominant systematics:
I jet energy scale and jet energy

resolution
I diboson modelling
I uncertainties associated with

Emiss
T modelling

There is good agreement
between data and background.
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3 leptons +Emiss
T via W/Z : Results
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